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Description 

[0001] This invention relates in general to a system for 
chemical mechanical polishing of semiconductor 
wafers. More particularly, the present invention relates 
to a linear polisher for the chemical mechanical penali- 
zation of semiconductor wafers as for example known 
fromJP-A-63267155. 

[0002] The available systems for the chemical 
mechanical planarization of semiconductor wafers typi- 
cally employ a rotating wafer holder for supporting the 
wafer and a polishing pad which is rotated relative to the 
wafer surface. The wafer holder presses the wafer sur- 
face against the polishing pad during the planarization 
process and rotates the wafer about a first axis relative 
to the polishing pad. The polishing pad is carried by a 
polishing wheel or platen which is rotated about a sec- 
ond axis different from the rotational axis of the wafer 
holder. A polishing agent or slurry is applied to the pol- 
ishing pad to polish the wafer. As the wafer holder and 
the polishing wheel are each rotated about their respec- 
tive central axes, an arm moves the wafer holder in a 
direction parallel to the surface of the polishing wheel. 
[0003] Since the polishing rate applied to the wafer 
surface is proportional to the relative velocity of the pol- 
ishing pad, the polishing rate at a selected point on the 
wafer surface depends upon the distance of the 
selected point from the axis of rotation. Thus, the polish- 
ing rate applied to the edge of the wafer closest to the 
rotational axis of the polishing pad is less than the pol- 
ishing rate applied to the opposite edge of the wafer. 
Rotating the wafer throughout the planarization process 
averages the polishing rate applied across the wafer 
surface so that a uniform average polishing rate is 
applied to the wafer surface. Although the average pol- 
ishing rate may be uniform, the wafer surface is contin- 
uously exposed to a variable polishing rate during the 
planarization process. 

[0004] Although the polishing rate is generally propor- 
tional to the relative velocity of the polishing pad, other 
factors as for example fluid dynamic and thermody- 
namic effects on the chemical reactions occurring dur- 
ing the planarization process influence the actual 
polishing rate at any given instant in time. These effects 
are not uniform across the wafer surface during the 
planarization process. Moreover, instead of "averaging" 
the effects, the relative rotation of the wafer and the pol- 
ishing pad contribute to the fluid dynamics and thermo- 
dynamics of the reaction. 

[0005] After a period of time, the polishing pad 
becomes saturated with deactivated slurry, loose parti- 
cles, etc. The pad must be frequently roughened to 
remove such particles from the polishing surface of the 
pad. For example, a scraping tool is typically mounted in 
contact with the polishing pad to scrape the loose slurry 
from the pad surface. 

[0006] Because of advances in wafer processing tech- 
nology and semiconductor component structure, uni- 



formly polishing or planarizing a film on the surface of 
the wafer has become increasingly important For 
example, integrated circuits such as microprocessors, 
oontrollers and other high performance electronic logic 

5 devices have become increasing complex while the size 
of such devices has decreased substantially. With the 
multiple wiring layers employed in complex devices, a 
significant component of the delay in signal propagation 
is due to the interconnections between the multiple lay- 

70 ers. Several multilevel interconnection processes are 
being developed to reduce the delays associated with 
interconnect resistance, such as smaller wiring geome- 
try and the use of copper or other materials as intercon- 
nect metals. However, the surface of the semiconductor 

rs wafer is generally rough. Each wiring layer provides 
additional circuitry components which project from the 
wafer surface, producing a rippled effect on the surface 
of the device. When several layers are formed on the 
wafer, the uneven topography of the device becomes 

20 more exaggerated. Even if the first layer is completely 
planar, circuitry components of the succeeding layers 
often produce a rippled effect which must be planarized. 
[0007] This invention provides a method according to 
claim 4 and machines according to claims 1 and 10 for 

25 uniformly polishing the surface of a semiconductor 
wafer. These machines are also designated by "sys- 
tems" later in the text The system includes a linear pol- 
isher which applies a uniform polishing rate across the 
wafer surface throughout the planarization process for 

30 uniformly polishing the film on the surface of the semi- 
conductor wafer. The polisher is of simplified construc- 
tion, thereby reducing the size of the machine and 
making the polisher suitable for even larger-diameter 
wafers. For example, the linear polisher is approxi- 

35 mately 1/5 the size of available machines. The reduced 
size and simplicity of the machine substantially reduces 
the manufacturing costs of the polisher. Since less 
space is required for the polisher, the operation costs 
are also substantially reduced. Although the overall size 

40 may vary, the linear polisher may be only slightly larger 
than the wafer. The polisher of the invention may have 
one or more conditioning stations for roughing or condi- 
tioning the polishing member during the polishing cycle, 
ensuring that a uniform polishing rate is applied to the 

45 wafer surface throughout the planarization process. 
[0008] In summary, the present invention provides a 
system for the chemical mechanical planarization of 
semiconductor wafers. The system includes a wafer pol- 
ishing machine having a linear polisher and a wafer sup- 
so port assembly for holding a semiconductor wafer. The 
linear polisher includes a polishing pad positioned to 
engage the wafer surface. The polishing pad is moved 
in a linear direction relative to the wafer for uniformly 
planarizing the surface of the wafer. The wafer polishing 
55 machine may also include a pivotal alignment device 
positioned to prvotady support either the wafer holder or 
the polishing pad so that the wafer surface and the pol- 
ishing pad are retained in parallel alignment during 
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operation of the polishing machine. 
[0009] tn one embodiment of the invention, the polish- 
ing pad is movable in a continuous path during which 
the polishing pad passes across the surface of the 
wafer. The wafer polishing machine further includes a s 
conditioning station positioned in the path of the polish- 
ing pad for conditioning the pad during operation of the 
polishing machine. 

[0010] The system of the invention also includes a 
method for uniformly polishing the surface of a semicon- w 
ductor wafer. 

[001 1 ] Additional objects and features of the invention 
will be more readily apparent from the following detailed 
description and appended claims when taken in con- 
junction with the drawings, wherein: is 

Figure 1 is front plan view of a wafer polishing 
machine in accordance with the invention; 
Figure 2 is a side plan view, partially broken away, 
of the wafer polishing machine of Figure 1 ; 20 
Figure 3 is a top plan view of the wafer polishing 
machine of Figure 1; 

Figures 4A and 4B are schematic side views show- 
ing the support assembly is a raised position and a 
lowered position; 2s 
Figures 5A and 5B are schematic views of a wafer < 
polishing machine in accordance with another 
embodiment of the invention; 
Figure 6 is a perspective view of a linear polisher of 
a wafer polishing machine in accordance with 30 
another embodiment of the invention; 
Figure 7 is a schematic view of the wafer polishing 
machine of Figure 6; 

Figure 8 is a perspective view of a linear polisher in 
accordance with still another embodiment of the 35 
invention; and 

Figure 9 is a view similar to Figure 8 of a linear pol- 
isher in accordance with another embodiment of 
the invention. 

40 

[001 2] Reference will now be made in detail to the pre- 
ferred embodiment, which is illustrated in the accompa- 
nying figures. Turning now to the drawings, wherein like 
components are designated by like reference numerals 
throughout the various figures, attention is directed to 4s 
Figures 1-3. 

[0013] A wafer polishing machine 10 for uniformly 
planarizing the surfaces of a semiconductor wafer 8 is 
shown in Figures 1-3. The polishing machine 10 gener- 
ally includes a linear polisher 12 having a polishing so 
member or polishing pad 14 for polishing the surface 9 
of the semiconductor wafer 8 and a support assembly 
16 for supporting the semiconductor wafer during the 
polishing operation. A polishing agent or slurry (not 
shown) such as a colloidal silica or fumed silica slurry is 55 
deposited on the polishing member to polish the wafer 
surface. Alternatively, the polishing member 14 may be 
provided by a pad impregnated with an abrasive polish- 



ing agent. The linear polisher 12 moves the polishing 
pad 14 in a linear direction relative to the semiconductor 
wafer 8 to continuously provide a uniform polishing force 
across the entire surface of the wafer. Preferably, the 
polishing member 14 is moved at a constant velocity 
although in some applications it may be desirable to 
employ a specific variable velocity profile to polish the 
wafer surface. The linear, constant velocity motion of the 
polishing member 14 provides superior polishing uni- 
formity across the wafer surface. 
[0014] In the embocBment of the linear polisher 12 
shown in Figures 1-3. the polishing member or pad 14 is 
mounted to the outer surface of an endless belt 18. The 
belt 18 extends across a support plate 20 and is 
mounted to a pair of rollers 22 and 24. A motor assem- 
bly 26 coupled to the rollers 22 and 24 drives the rollers 
so that the beh 18 is moved at a constant velocity in the 
direction indicated by arrow A. As the beh is moved by 
the rollers, the beft 1 8 travels across the support surface 
20. The support surface 20 rigidly supports the belt 18 
opposite the support assembly 16 to ensure that the 
polishing member 14 applies a uniform polishing force 
across the entire surface of the wafer. Preferably, the 
velocity at which the belt is moved is within the range of 
approximately 0.25 to 0.75 m/s (50 to 150ft per minute) 
for optimum planarization of the wafer surface. How- 
ever, H is to be understood that depending upon the 
chemistry employed, the velocity may also be consider- 
ably faster, for example up to 1 .5 m/s (300 ft per minute) 
or more. A fluid layer, generally designated 28, between 
the inner surface of the belt 18 and the support plate 20 
reduces frictional losses and minimizes heat dissipation 
during operation of the linear polisher 1 0. The fluid layer 
28 may also permit minimal deflection of the belt 18 rel- 
ative to the support plate as it passes across the plate 
20 to facilitate the parallel alignment of the wafer surface 
and the polishing member 14. 
[0015] The polishing member 14 preferably extends 
the entire circumference of the endless belt 18; it has a 
width greater than the diameter of the wafer 8. However, 
the size of the polishing member may be varied as 
desired. The polishing pad 14 is affixed to the belt 18 
using any suitable securement means. If the polishing 
member is originally rectangular in shape, the overlap- 
ping edges of the polishing member 14 are tapered so 
that the wafer 8 tends to press the uppermost edge of 
the polishing member against the underlying edge. In 
the present embodiment, the polishing member 14 is a 
pad of stiff polyurethane material, although other suita- 
ble materials may also be used. The endless beft may 
be formed of a metal such as stainless steel, high 
strength polymers such as polyethylene terephthalate 
resin, or other suitable flexible materials having suffi- 
cient strength to withstand the loads applied to the belt 
by the wafer 8. In the embodiment shown in Figures 1- 
3, the endless beft 1 8 is carried by two rollers 22 and 24. 
However, rt is to be understood that the number of roll- 
ers may be increased as desired. The rollers 22 and 24 
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retain the belt 18 under tension so that the polishing 
member 14 is sufficiently rigid to uniformly polish the 
surface of the wafer. The tension of the belt may be 
increased or decreased as necessary by adjusting the 
position of roller 24 relative to roller 22. 5 
[0016] The support assembly 16 retains the wafer 8 in 
position during the polishing operation. In the embodi- 
ment shown in Figures 1-3. the support assembly 16 
also maximizes the parallel alignment between the 
wafer surface 9 and the polishing member 14 and 10 
applies a downward force pushing the wafer surface 9 
against the polishing member 14 so that the polishing 
member 14 applies the required polishing force across 
the surface of the wafer. As shown particularly in Figure 
2, the support assembly 1 6 includes a wafer holder 34 is 
for supporting the wafer 8 and accurately aligning the 
wafer surface 9 with the polishing member 14. The 
wafer holder 34 has a lower plate 36 formed with a disc- 
shaped recess shaped to receive the wafer 8 with the 
wafer surface 9 projecting slightly from the lower plate 20 
36. The wafer 8 is held in place by a backing film, wax- 
ing or another suitable technique. The lower plate 36 is 
affixed to a spherical-shaped journal 40 supported in a 
bearing 42. In the present embodiment, the clearance 
spacing between the journal 40 and the bearing 42 is 25 
filled with a lubricant such as water, another slurry com- 
patible liquid or a suitable gas. The lubricant-filled cavity 
is coupled to a reservoir (not shown) in which a supply 
of lubricant is retained under pressure to provide a 
hydrostatic bearing in which the journal 40 is completely 30 
isolated from the bearing 42 at all times. 
[0017] The spherical curvature of the journal 40 and 
bearing 42 provides a pivotal support for the wafer 8 
which retains the wafer surface 9 at an orientation par- 
allel to the surface of the polishing member 14 regard- 35 
less of the shear forces applied to the wafer surface 
during the polishing process. In the present embodi- 
ment, the journal 40 is shaped in the form of a slab or 
section of a sphere having a center located at pivot 
point 46 located on the surface 9 of the wafer as shown 40 
in Figures 1 and 2. In other words, the shape of the jour- 
nal 40 may be obtained by sectioning the sphere into 
two hemispheres and then removing a slice having the 
same thickness as the wafer from the planar surface of 
one of the hemispheres. This ensures that the pivot 45 
point 46 is located on the surface of the wafer. As shown 
in Figures 1 and 2, a section may optionally be removed 
from the opposite end of the hemisphere to reduce the 
height of the journal 40. 

[0018] The journal 40 pivots within the bearing 42 to so 
provide the wafer surface 9 and the polishing pad 14 
with a substantially parallel orientation throughout the 
polishing operation. The journal 40 pivots about the 
pivot point 46 so that the surface of wafer having a 
tapered thickness is parallel to the polishing member ss 
14. The journal also accommodates variations in the 
thickness of the belt 18 and polishing member 14 so 
that the parallelism between the wafer surface 9 and the 



polishing member 14 is maintained. When the wafer 
surface is positioned against the moving polishing belt 
14, shear frictionaJ forces are applied across the wafer 
surface. Since the frictional forces applied to the wafer 
essentially pass through the pivot point 46, the frictional 
forces will not cause the journal 40 to pivot relative to 
the bearing 42. Instead, the journal 40 continues to 
position the wafer with the wafer surface 9 parallel to the 
polishing member 14. Thus, by positioning the pivot 
point of the journal 40 on the wafer surface 9, the wafer 
holder 34 of the invention maintains the parallelism 
between the wafer surface 9 and the polishing member 
1 4 so that the entire wafer surface may be uniformly pol- 
ished. 

[0019] As the wafer is polished and the thickness of 
the wafer is reduced, the pivot point 46 become dis- 
placed from the surface of the wafer. Often, the change 
in wafer thickness is so small that the parallel alignment 
of the wafer surface and the polishing member 14 will 
not be significantly affected. However, rf greater preci- 
sion is required, journal 40 may be formed with a wedge 
shaped section (not shown). As the wafer thickness is 
reduced, the wedge shaped section slides relative to 
the remainder of the journal to maintain the wafer sur- 
face at the center of the sphere or pivot point 46. 
Depending upon the vibrational effect of the polishing 
machine 10, it may also be desirable to include a 
closed-loop control system (not shown) to provide 
damping since the journal 40 and bearing 42 are sub- 
stantially frictionless. 

[0020] The wafer holder 34 is mounted to a horizon- 
tally extending upper platform 48 positioned above the 
support plate 20 of the linear polisher 12. The upper 
platform 48 is earned by a vertically extending back 
plate 50. The back plate 50 is p'rvotally mounted to the 
linear polishing assembly 12 by a transversely extend- 
ing pivot bar 52. The support assembly 16 may be eas- 
ily moved away from the polishing member 14, endless 
belt 1 8 and support plate 20 for insertion and removal of 
the wafer or maintenance of the support assembly or 
linear polisher by pivoting the assembly 16 about the 
bar52. 

[0021 ] The upper platform 48 of the support assembly 
16 is coupled to the linear polisher by a pneumatic cyl- 
inder 54. When the pneumatic cylinder is actuated, the 
cylinder 54 urges the platform 48 toward the support 
plate 20 to press the wafer 8 against the polishing mem- 
ber 14 of the linear polisher. Figures 4A and 4B sche- 
matically show the support assembly 16 in a raised 
position and a lowered position, respectively. By moving 
the upper platform 48 downward, the required polishing 
force is applied to the surface of the wafer for penaliz- 
ing the wafer surface. The magnitude of the polishing 
force applied to the wafer surface 9 may be precisely 
controlled by controlling the operation of the pneumatic 
cylinder 54. In other embodiments of the invention, a 
hydraulic cylinder or other device may be used instead 
of the pneumatic cylinder 54 to move the upper platform 
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48 toward the support plate 20. 
[0022] Preferably, the support assembly 16 slowly 
rotates the wafer 8 relative to the polishing member as 
the polishing member 14 is moved in linear cfirection. 
When the polishing member 14 engages the wafer 8. 
polishing pathways are formed on a micro structural 
level. Slow rotation of the wafer allows for polishing to 
occur at random incidence fi.e. in random directions), 
an important factor in defining geometric structures with 
polishing and preventing the formation of defined 
scratches in the polished surface. With most surface 
configurations, it is generally desirable to provide the 
pathways with random trajectories. Slowly rotating the 
wafer also varies the location of the leading edge to 
obtain uniform polishing along the edge of the wafer. In 
the present embodiment, the wafer holder 34 is slowly 
rotated relative to the polishing member 14 by a motor 
(not shown) at a slow rate. The rate of rotation of the 
wafer holder 34 is less than 1/10 of the speed of the belt 
18 and is selected so that the wafer undergoes a 
number of full revolutions during the polishing operation 
to achieve uniform polishing. At a minimum, the wafer 
be rotated for a full rotation during the polishing proc- 
ess. Rotating the wafer for less than a full revolution may 
provide the wafer surface with a non-uniform profile. 
[0023] The uniform polishing rate applied across the 
wafer surface by the linear motion of the polishing mem- 
ber 14 and the parallelism achieved between the wafer 
surface 9 and the polishing member 14 allows for uni- 
form polishing whh increased precision. This is of partic- 
ular advantage in the processing of semiconductor 
wafers, where one may wish to remove one micron from 
a film having a thickness of two microns. 
[0024] A wafer polishing machine 10a in accordance 
with another embodiment of the invention is shown 
schematically in Figures 5A and 5B. Referring particu- 
larly to Figure 5A, the polishing machine 10a generally 
includes a linear polisher 12a having a polishing mem- 
ber 14a mounted to an endless belt 18a which is carried 
by a plurality of rollers 65. The semiconductor wafer is 
retained by a support assembly 16a with the surface of 
the wafer positioned to engage the polishing member 
14a. The belt 18a moves the polishing member 14a in a 
linear direction relative to the wafer to uniformly polish 
the surface of the wafer. 

[0025] As the polishing member 14a polishes the 
wafer surface 9, used slurry collects within the pores in 
the polishing material and reduces the roughness of the 
polishing memoer 14a. The polishing member must be 
periodically conditioned to remove the deactivated 
slurry and roughen the polishing member 14, thereby 
maximizing the effectiveness of the polishing member 
14a in uniformly planarizing the wafer surface. In the 
embodiment shown in Figures 5A and 5B, the linear pol- 
isher 12a includes a conditioning station 66 for condi- 
tioning the polishing member 14a during the polishing 
cycle. After a given section of the polishing member 1 4a 
passes across the wafer surface, it travels through the 



station 66 where it is conditioned before returning to the 
wafer surface 9. With the conditioning station 66, the 
wafer surface is continuously exposed to a freshly con- 
ditioned section of the polishing member 14a. Using a 

5 continuously conditioned pad to polish the semiconduc- 
tor wafer provides greater control over the planarization 
process and ensures that the wafer surface is continu- 
ously exposed to a uniform polishing force. 
[0026] In the embodiment shown in Figure 5A. the 

io conditioning station 66 includes a scraping member 70 
such as a diamond conditioning block positioned to 
engage the surface of the polishing member 14a after it 
leaves the wafer. The scraping member 70 removes 
loose slurry and other loose particles from the member 

is 1 4a and roughens the surface of the polishing member. 
The polishing member 1 4a then passes through an acid 
bath 72, a rinse bath 74 and a slurry bath 76 for further 
conditioning. The acid bath 72 contains an acidic solu- 
tion such as diluted hydrofluoric acid solution to remove 

20 the remainder of the deactivated slurry from the polish- 
ing member 14a. The rinse bath 74 is filled whh a rins- 
ing solution such as distilled water for removing any 
traces of the acidic solution from the polishing member. 
Fresh slurry, such as a colloidal silica dispersion, is 

25 applied to the polishing member 14a in the slurry bath 
76. The belt 18a travels past the scraping member 70 
and enters the acid bath 72. From the acid bath 72, the 
belt 18a passes through a first seal 78 into the rinse 
bath 74 and through a second seal 80 into the slurry 

30 bath 76. The seals 78 an 80 substantially prevent inter- 
mixing of the contents between the adjacent baths 72, 
74 and 76. After the belt 18a leaves the slurry bath 72, 
the freshly conditioned polishing member 14a is passed 
across the wafer to polish the wafer surface. 

35 [0027] The scraping member 70 and the series of the 
baths 72, 74 and 76 illustration one configuration of a 
conditioning station which is particularly suitable for 
conditioning the polishing member 14a during operation 
of the wafer polishing machine 1 0a. However, it is to be 

40 understood that other embocfiments of the invention are 
subject to considerable modification. For example, 
instead of seals 78 and 80 separating the acid bath 72, 
rinse bath 74 and slurry bath 76, additional rollers may 
be provided to direct the belt into the individual baths. 

45 The number of baths provided in the conditioning sta- 
tion may be increased or decreased as desired. Instead 
of baths, the conditioning system may employ nozzles 
82 as shown in Figure 5B for spraying cleaning agents, 
rinsing agents and/or slurry on the polishing member 

so 14a. Further, the conditioning system may include a 
combination of baths and spray injection nozzles. 
[0028] Figures 6 and 7 illustrate another embocfiment 
of a linear polisher 12b in accordance with the invention. 
The polishing machine 10b includes a linear polisher 

55 1 2b having a polishing member 1 4b carried by an end- 
less belt 18b and a support assembly 16b (Figure 7) for 
supporting a semiconductor wafer. As shown in Figure 
7, a wafer holder 86 mounted to the support assembly 
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16b rigidly supports the semiconductorwafer during the 
polishing operation. A gimballed support 88 positioned 
beneath the belt 18b supports the belt 18b and applies 
an upward force to the belt to press the polishing mem- 
ber 14b against the water for polishing the wafer sur- 
face. The gimballed support 88 also aligns the belt 18b 
with the polishing member 14b parallel to the wafer sur- 
face so that a uniform polishing force is applied across 
the entire surface of the wafer. 
[0029] In the embodiment shown in Figures 6 and 7. 
the construction of the gimballed support 88 is substan- 
tially similar to the wafer support 34 shown in Figures 1 - 
3. The gimballed support 88 includes a spherical 
shaped journal 90 supported in a hydrostatic bearing 
92. The clearance space between the journal 90 and 
the bearing 92 is filled with a lubricant such as water, 
another slurry compatible liquid or a suitable gas. A res- 
ervoir (not shown) retaining lubricant under pressure 
supplies the clearance space with lubricant to ensure 
that the journal is constantly separated from the interior 
of the bearing. The journal 90 has a planar support sur- 
face which engages the underside of the belt and 
presses the polishing member 14b against the wafer 
surface. 

[0030] As shown in Figure 7, the journal 90 is formed 
in the shape of a section of a sphere which has a center 
at pivot point 96 positioned on the exterior of the polish- 
ing member 14b. The journal pivots within the bearing 
92 about the pivot point 96 to maintain the parallelism 
between the wafer surface 9 and the polishing member 
14b. As the polishing member 14b polishes the wafer 
surface, shear frictiona! forces are applied to the polish- 
ing member by the wafer surface. Since the frictionaJ 
forces essentially pass through the pivot point 96, the 
frictional forces will not cause the journal 90 to pivot rel- 
ative to the wafer surface. Thus, the parallelism 
between the surface of the wafer and the polishing 
member 14b is continuously maintained while the wafer 
surface is polished. 

[0031] Instead of the endless belt of the previously 
described embodiments, other apparatus may be used 
to move the polishing member in a linear direction. Fig- 
ure 8 shows a linear polisher 12c having a plurality of 
parallel reciprocating bars 106 positioned on a support 
plate 20c. A polishing member 14c is mounted to each 
of the reciprocating bars 106 for polishing the surface of 
the semiconductor wafer 8. Although not shown, the 
bars 106 may be positioned in a slurry bath to ensure 
that sufficient slurry is applied to the polishing members 
14c. Alternatively, the bats 106 may be inverted and 
suspended above the wafer and the slurry applied to the 
wafer surfaca An actuating device such as pneumatic 
cylinders 108 coupled to the reciprocating bars by pins 
110 move the bars in a linear direction across the sup- 
port plate 20c. Although not shown, the bars 106 may 
be carried by linear slides or a linear motor. Preferably, 
the bars 106 are cfivided into two groups which are 
simultaneously moved in opposite directions by the 



pneumatic cylinders 108. As shown in Figure 8, the lin- 
ear polisher 12c includes four reciprocating bars with 
each bar 106 moving in an opposite direction from adja- 
cent bars. However, it is to be understood that the 
5 number of reciprocating bars may be increased or 
decreased as desired and that numerous other configu- 
rations may be employed. Further, additional pneumatic 
cylinders may be used to independently move the recip- 
rocating bars. 

io [0032] The pneumatic cylinders 108 move the recipro- 
cating bars 106 back and forth relative to the semicon- 
ductor wafer, with the stroke of the bars 106 preferably 
being approximately equivalent to the diameter of the 
wafer plus two times the length of the reciprocating bars 

15 so that with each stroke the bar moves beyond the wafer 
surface. Alternatively, the reciprocating bars may oscil- 
late so that the bar is continuously in contact with the 
wafer surface. The reciprocating bars 106 have greater 
rigidity than the endless belt of the previously described 

20 embodiments, providing a more stable system. The 
velocity of the reciprocating bars 106 is controlled by a 
control system 1 12 coupled to the pneumatic cylinders 
108. The control system 112 is preferably configured to 
actuate the cylinders and drive the reciprocating bars 

25 1 06 at a constant velocity. The constant velocity, linear 
motion of the polishing members 14c uniformly polishes 
the surface of the wafer. However, with some surface 
configurations it may be desirable to move the polishing 
members 14c in a non-uniform velocity profile. With the 

30 present embodiment, the control system may be config- 
ured to actuate the pneumatic cylinders 108 in accord- 
ance with a specific velocity profile to move the 
polishing members 14c at the required non-uniform 
velocity for uniform polishing. Although pneumatic cyiirv 

35 ders 108 are employed in the present embodiment, 
other devices such as hydraulic cylinders, cams, step- 
ping motors used with a ball screw etc., servomotors, 
linear motors, etc. may also be used to move the recip- 
rocating bars 106. 

40 [0033] The wafer 8 is preferably supported by the sup- 
port assembly 16 shown in Figures 1-3 with the pivotal 
movement of the wafer within the wafer holder 34 posi- 
tioning the wafer surface 9 parallel to the surface of the 
polishing members 14c As descrtoed above in relation 

45 to Figures 1 -3, the wafer holder 34 may rotate the wafer 
8 relative to the polishing members 14c to uniformly 
planarize localized regions of the wafer surface. Alter- 
natively, with some surface configurations uniform 
planarity may be obtained without rotating the wafer. 

so Although not shown, the support assembly 16 may be 
mounted for movement in a transverse direction relative 
to the reciprocating bars to move the wafer 8 transver- 
sely across the surface of the polishing members 14c. 
[0034] The linear polisher 12d shown in Figure 9 

55 includes a plurality of r eciprocating bars 1 06d which are 
moved across a support plate 20d by a crank assembly 
118. Polishing members 14d are mounted to the recip- 
rocating bars 1 06d for polishing the surface of the wafer. 
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The crank assembly 118 includes a plurality of crank 
arms 120 each coupled to a crank shaft 122 and one of 
the recprocating bars. A motor (not shown) rotates the 
crank shaft 122. causing the crank arms 120 to move 
the reciprocating bars in a linear direction. As shown in 
Figure 9, the crank arms 120 move adjacent reciprocat- 
ing arms in opposite directions. However, in other mod- 
ifications two or more adjacent bars may be moved in 
the same direction. The linear polisher 12d is used with 
the support assembly 16 shown in Figures 1-3, which 
supports the wafer and positions the wafer surface par- 
allel tOjthe polishing members 1 4d. 
[0035] In the embodiment of Figure 9, the velocity of 
the reciprocating bars 106d is not constant. Instead, the 
crank assembly 1 18 moves the reciprocating bars 106d 
at a sinusoidal velocity. Preferably the semiconductor 
wafer is rotated at a variable velocity defined by the 
sinusoidal variations in the velocity of the polishing 
members 1 4d. With the crank assembly 1 1 8, the recip- 
rocating bars 106d may be moved in a specific variable 
velocity profile to provide the desired polishing across 
the wafer surface. 

[0036] Except as set forth above, the modifications of 
Figs. 4A-4B, 5A-5B, 6-7, 8 and 9 resemble those of the 
preceding modifications and the same reference 
, numerals followed by the subscripts a-d, respectively, 
are used to designate corresponding parts. 
[0037] It is to be understood that in the foregoing dis- 
cussion and appended claims, the terms "wafer sur- 
face" and "surface of the wafer" include, but are not 
limited to, the surface of the wafer prior to processing 
and the surface of any layer formed on the wafer, includ- 
ing oxidized metals, oxides, spun-on glass, ceramics, 
etc. 

[0038] While the invention has been described with 
, reference to a few specific embodiments, the descrip- 
tion is illustrative of the invention and is not to be con- 
, strued as limiting the invention. Various modifications 
may occur to those skilled in the art without departing 
from the scope of the invention as defined by the 
appended claims. 

■ } Claims 

1. A wafer polishing machine (10) tor the chemical 
mechanical planarization of a surface (19) of a 
semiconductor wafer (8) with a polishing slurry 
comprising: 

a wafer support assembly (16) having a wafer 
holder (34) shaped to receive said wafer (8) 
and support said wafer with said surface pro- 
jecting from said wafer holder; 
a linear polishing assembly (1 2c, 1 2d) having a 
polishing member (14c, 14d) positioned to 
engage said surface of said wafer, said polish- 
ing member being movable in a linear direction 
relative to said wafer to continuously apply a 



uniform polishing force across said surface of 
said wafer (8) during operation of said wafer 
polishing machine (10) for uniformly polishing 
said surface of said wafer (8); 

5 characterised in that said polishing member 

(14c, 14d) comprises a plurality of recprocat- 
ing bars (106, 106d) having a polishing mate- 
rial mounted on said bars, said bars being 
movable in a linear direction relative to said 

to wafer, said bars together forming a continuous 

polishing surface said polishing member being 
positioned to engage ail of said surface of said 
wafer (8) and means being provided for supply- 
ing a polishing slurry to said polishing member 

is to polish said surface of said wafer. 

2. The wafer polishing machine of claim 1 in which 
said polishing assembly includes at least one actu- 
ating device (108) coupled to said bars for moving 

20 said bars in a linear diretion relative to said wafer. 

3. The wafer polishing machine of claim 2 in which 
said polishing assembly includes a control system 
(1 12) coupled to said actuating device (108), which 

25 control system (112) is configured for moving said 
bars in accordance with a selected velocity profile. 

4. A method for uniformly planarizing the surface (9) of 
a semiconductor wafer (8), said surface comprising 

30 at least one layer formed on the wafer, said method 
comprising the steps of: 

supporting said wafer (8) with said surface (9) 
of said wafer (8) engaging a polishing member 
35 (14, 14a, 14b, 14c, 14d) adapted for chemical 

mechanical polishing; 

rotating said wafer (8) relative to said polishing 
member (14, 14a, 14b, 14c, 14d); 
characterised by the step of supplying a polish- 
40 ing slurry to the polishing member (14. 14a, 

14b. 14c, 14d); and 

moving said polishing member (14, 14a, 14b, 
1 4c, 1 4d) to perform the polishing movement in 
a linear direction relative to said wafer (8) while 
45 said polishing member maintains continuous 

contact with, and pressure against all of said 
surface of said wafer. 

5. The method of claim 4 in which said moving step 
so includes moving said polishing member (14) at a 

constant velocity within the range of 0.25 to 075 
m/s (50 to 150ft per minute). 

6. The method of claim 4 in which said moving step 
55 includes moving said polishing member (14) in 

accordance with a velocity profile selected to apply 
a uniform polishing force across said surface of said 
wafer (8). 
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7. The method of claim 4 in which said step of rotating 
said wafer includes rotating said wafer at a velocity 
of at most approximately 1/10 the velocity of said 
polishing member, with the angular velocity of said 
wafer relative to said polishing member being uni- 5 
form across said surface of said wafer. 

8. The method of claim 4 in which said moving step 
includes moving said polishing member in a contin- 
uous path in which said polishing member passes 10 
across said surface of said wafer, and further com- 
prising the step of conditioning said polishing mem- 
ber with a scraper (70) as said polishing member 
travels in said continuous path. 

is 

9. The method of claim 4 which further comprises the 
step of pivoting one of said wafer and said polishing 
member relative to the other of said wafer and said 
polishing member until said surface of said wafer 
and said polishing member are substantially paral- 20 
lei. 

10. A wafer polishing machine (10, 10a, 10b) for the 
performance of the method of claim 4 for the chem- 
ical mechanical penalization of a surface (9) of a 25 
semiconductor wafer (8) with a polishing slurry 
comprising: 

a rotary wafer support assembly (16, 16a, 16b) 
having a wafer holder (34) shaped to receive 30 
said wafer (8) and support said wafer with said 
surface projecting from said wafer holder (34) ; 
a linear polishing assembly (12, 12a t 12b) hav- 
ing a polishing member (14, 14a, 14b), said 
polishing member (14, 14a, 14b) being mova- ss 
ble in a linear direction relative to said wafer (8) 
to continuously apply a uniform polishing face 
across said surface of said wafer during opera- 
tion of said wafer polishing machine (10, 10a, 
1 0b) for uniformly polishing said surface of said 40 
wafer; 

characterised in that said polishing member 
(14, 14a, 14b) comprises an endless metal belt 
(18, 18a, 18b) and a polishing layer mounted 
on the belt, said belt (18, 18a, 18b) having a 45 
width substantially greater than Hs thickness, 
which polishing member is positioned to 
engage all of the surface of said wafer (8), and 
in that means are provided for supplying a pol- 
ishing slurry to said polishing member (1 4, 14a, so 
14b) to polish said surface of said wafer. 

PatentansprOche 

1 . Waferpoliermaschine (1 0) zum chemisch-mechani- 55 
schen Planarisieren einer Oberflache (19) eines 
Halbleiterwafers (8) mit einem Polierschlamm, wel- 
che umfeBt: 



eine Waferhaheeinrichtung (16) mit einem 
Waferhalter (34), der so geformt ist, da 6 er den 
Wafer (8) aufnimmt und den Wafer derart halt, 
daft seine Oberflache aus dem Waferhalter 
hervorsteht 

eine Unearpoliereinrichtung (12c, 12d) mit 
einem Polierelement (1 4c, 1 4d), welches derart 
angeordnet ist, daft es mit der Oberflache des 
Wafers in Eingriff kommt, wobei das Polierele- 
ment linear zum Wafer bewegbar ist und 
dadurch wahrend des Betriebs der Waferpo- 
liermaschine (10) eine gleichmaBige Polierkraft 
Ober die gesamte Oberflache des Wafers (8) 
hinweg anlegt, damit die Oberflache des 
Wafers (8) gleichmaBig poliert wird, 
dadurch gekennzeichnet, daft das Polierele- 
ment (14c, 14d) eine Mehrzahl von sich hin- 
und herbewegenden Staben (106, 106d) auf- 
weist, auf denen ein Poliermittel angebracht ist, 
wobei die Stabe linear zum Wafer bewegbar 
sind und die Stabe zusammen eine kontinuier- 
liche Polieroberildche bikfen, wobei das Polier- 
element derart angeordnet ist; da B es Ober die 
gesamte Oberflache des Wafers (8) hinweg in 
Eingriff kommt, und zum Pdieren der Wafer- 
oberflache eine Vorrichtung zum <Zufuhren 
eines Polierschlammes zu dem Polierelement 
geschaffen wird. 

2. Waferpoliermaschine nach Anspruch 1, wobei die 
Poliereinrichtung mindestens eine mit den Staben 
getoppelte Betatigungseinrichtung (108) aufweist, 
urn die Stabe linear zum Wafer zu bewegen. 

3. Waferpoliermaschine nach Anspruch 2. wobei die 
Poliereinrichtung ein Steuerungssystem (112) auf- 
weist, das an die Betatigungseinrichtung (108) 
gekoppeft ist, wobei das Steuerungssystem (1 12) 
so konfiguriert ist daft es die Stabe entsprechend 
einem zuvor ausgewahlten Geschwindigkeitsprofil 
bewegt 

4. Verfahren zum gleichmaBigen Planarisieren der 
Oberflache (9) eines Haibleiterwafers (8), wobei die 
Oberflache mindestens eine auf dem Wafer ausge- 
bildete Schicht umfaftt, wobei das Verfahren die fol- 
genden Schrrtte umfaftt: 

Haften des Wafers (8), wobei die Oberflache 
(9) des Wafers (8) mit einem Polierelement (14, 
14a, 14b, 14c, 14d) zum chemisch-mechani- 
schen PPlieren im Eingriff ist, 
Drehen des Wafers (8) in bezug auf das Polier- 
element (14, 14a. 14b, 14c, 14d). 
gekennzeichnet durch den Schrrtt des Zufuh- 
rens von Polierschlamm zu dem Polierelement 
(14, 14a, 14b, 14c, 14d), und 
Bewegen des Polierelements (14, 14a, 14b. 
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14c, 14d) zum AusfQhren der Polierbewegung 
in linearer Richtung zum Wafer (8), wahrend 
das Polierelemerrt uber die gesamte Oberfla* 
che des Wafers hinweg einen korrtinuierlichen 
Kontakt aufrechterhalt und einen Druckan sel- 
bige anlegt 

5. Verfahren nach Anspruch 4. wobei der Schritt des 
Bewegens das Bewegen des Poiierelemerrts (14) 
mit konstanter Geschwindigkeit innerhalb des 
Bereiches von 0,25 bis 0,75 m/s (50 bis 150 FuB 
pro Minute) umfaBt 

6. Verfahren nach Anspruch 4, wobei der Schritt des 
Bewegens das Bewegen des Poiierelemerrts (14) 
entsprechend einem ausgewahlten Geschwindig- 
keitsproffl zum Anlegen einer gleichmaBigen Polier- 
kraft an die gesamte Oberflache des Wafers (8) 
umfaBt 

7. Verfahren nach Anspruch 4, wobei der Schritt des 
Drehens das Drehen des Wafers mit einer 
Geschwindigkeit von hochstens etwa 1/10 der 
Geschwindigkeit des Polierelements umfaBt, wobei 
die Winkelgeschwindigkeit des Wafers zum Polier- 
eJement uber die gesamte Oberflache des Wafers 
hinweg einheitiich ist. 

8. Verfahren nach Anspruch 4, wobei der Schritt des 
Bewegens das Bewegen des Polierelements auf 
einem korrtinuierlichen Weg umfaBt, wobei sich das 
Poiierelement uber die gesamte Oberflache des 
Wafers hinwegbewegt, und weiterhin den Schritt 
des Behandelns des Polierelements mit einem 
Schaber (70) umfaBt, wahrend sich das Poiierele- 
ment auf dem korrtinuierlichen Weg entiangbewegt 

9. Verfahren nach Anspruch 4, welches weiterhin den 
Schritt des Drehens von entweder dem Wafer oder 
dem Poiierelement zum dem jeweils anderen • 
Wafer oder Poiierelement - solange umfaBt, bis die 
Oberflache des Wafers und des Polierelements im 
wesentlichen parallel zueinander angeordnet sind. 

10. Waferpoliermaschine (10, 10a, 10b) zur Durchfuh- 
rung des Verfahrens aus Anspruch 4 zum che- 
rrusch-mechanischen Planarisieren einer 
Oberflache (9) eines Halbleiterwafers (8) mit einem 
Polierschlamm, welche umfaBt: 

eine Rotalions-Waferhalteeinrichtung (16, 16a, 
16b) mit einem Waferharter (34), der so 
getormt ist daB er den Wafer (8) aufnimmt und 
den Wafer derart halt, daB seine Oberflache 
aus dem Waferhalter (34) hervorsteht, 
eine Linear poliereinrichtung (12, 12a, 12b) mit 
einem Poiierelement (14, 14a, 14b), wobei das 
Poiierelement (14, 14a, 14b) linear zum Wafer 



(8) bewegbar ist und dadurch wahrend des 
Betriebs der Waferpoliermaschine (10, 10a, 
10b) eine gleichmaBige Polierkraft uber die 
gesamte Oberflache des Wafers (8) hinweg 

5 anlegt, dam'rt die Oberflache des Wafers 

gleichmaBig poiiert wird, 
dadurch gekennzeichnet, daB das Poiierele- 
ment (14, 14a, 14b) ein Endlos-Metallband (18, 
18a, 18b) und eine auf dem Band angebrachte 

70 Poiierschicht aufweist, wobei das Band (18, 

18a, 18b) eine Brerte hat, die im wesentlichen 
grofier als seine Dicke ist, wobei das Poiierele- 
ment derart angeordnet ist. daB es mit der 
gesamten Oberflache des Wafers (8) in Eingrrff 

is kommt und dadurch daB zum Polieren der 

Waferoberflache eine Einrichtung zum Zufuh- 
ren eines Polierschlammes zu dem Poiierele- 
ment (14, 14a, 14b) vorhanden ist 

20 Revendications 

1 . Machine (10) de pol'rssage de tranches d'aplanisse- 
ment mecanique et chimique d'une surface (19) 
d'une tranche semi-conductrice (8) avec une sus- 

25 pension de polissage, comprenarrt : 

un ensemble (1 6) de support de tranche ayant 
un support (34) de tranche destine^ a loger la 
tranche (8) et a supporter celle-ci avec sa sur- 

30 face qui depasse du support de tranche, et 

un ensemble lineaire de polissage (12c, 12d) 
ayant un organe de polissage (14c, 14d) posi- 
tionne af in qu'il coopere avec la surface de la 
tranche, I'organe de polissage etant mobile en 

35 direction lineaire par rapport a la tranche afin 

qu'il applique constamment une force unrforme 
de polissage a la surface de la tranche (8) pen- 
dant le fonctionnement de la machine (10) de 
polissage de tranche afin que la surface de la 

40 tranche (8) soit polie unrformement 

caract^risee en ce que I'organe de polissage 
(14c, 14d) comprend plusieurs barres (106. 
106d) a defacement alter natif ayant un mate- 
riau de polissage monte sur ies barres, les bar- 

45 res etant mobiles en direction lineaire par 

rapport a la tranche, les barres formant ensem- 
ble une surface continue de polissage, I'organe 
de polissage etant posrtionne afin qui! coopere 
avec toute la surface de la tranche (8), et un 

so disposrtif 6tarrt destine a transmettre une sus- 

pension de polissage a I'organe de polissage 
pour polir la surface de la tranche. 

2. Machine selon la revendication 1, dans laquelle 
55 I'ensemble de polissage comporte au moins un cfis- 

positrf de manoeuvre (108) couple aux barres et 
destine a deplacer les barres en direction lineaire 
par rapport a la tranche. 
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3. Machine selon la revendication 2, dans laquede 
('ensemble de polissage comprend un systeme de 
commande (112) couple au dispositH de manoeu- 
vre (108). le systeme de commande (112) ayant 

une configuration telle quit deplace les barres sui- 5 9 
vant un profit choisi de vitesse. 

4. Procede d'aplanissement uniforme de la surface (9) 
d'une tranche semi-conductrice (8), la surface com- 
prenant au moins une couche formee sur la tran- 10 
che, le procede comprenant les etapes suivantes : 

1 

le support de la tranche (8) avec la surface (9) 
de la tranche (8) au contact d un organ e de 
polissage (14, 14a, 14b, 14c, 14d) destine a is 
assurer un polissage mecanique et chimique, 
et 

rentralnement en rotation de la tranche (8) par 
rapport a I'organe de polissage (14. 14a, 14b, 
14c, I4d), 20 
caractertse par I'etape de transmission d'une 
suspension de polissage a I'organe de polis- 
sage (14, 14a, 14b, 14c, 14d), etpar 
le deplacement de I'organe de polissage (14, 
14a, 14b, 14c, 14d) pour r execution d'un mou- 25 
* vement de polissage en direction lineaire par 
rapport a la tranche (8) alors que I'organe de 
polissage maintient en contact continu avec 
toute la surface de la tranche et une pression 
contre toute cette surfaca 30 

5. Proced6 selon la revendication 4, dans lequel 
I'etape de deplacement comprend le deplacement 
de I'organe de polissage (14) a une vitesse cons- 
tante comprise entre 0,25 et 0,75 m/s (50 a 150 ss 
pieds/min). 

6. Proc6d6 selon la revendication 4, dans lequel 
I'etape de deplacement comprend le deplacement 

de I'organe de polissage (14) d'apres un profil de <o 
vftesse choisi pour 1'application d'une force uni- 
forme de polissage sur toute la surface de la tran- 
che (8). 

7. Procede selon la revendication 4, dans lequel 45 
P6tape cPentraTnement en rotation de la tranche 
comprend rentralnement en rotation de la tranche a 
une vitesse au plus approximatrvement egale au 
dixieme de la vitesse de I'organe de polissage, la 
vitesse anguiaire de la tranche par rapport a so 
I'organe de polissage 6tant uniforme sur toute la 
surface de la tranche, 

8. Procede selon la revendication 4, dans lequel 
I'etape de deplacement comprend le deplacement 55 
de I'organe de polissage suh/artt un trajet continu 
dans lequel I'organe de polissage passe sur la sur- 
face de la tranche, et comprenant en outre une 



6tape de preparation de I'organe de polissage avec 
un organe de raclage (70) lorsque I'organe de polis- 
sage se deplace sur le trajet continu. 

Procede" selon la revendication 4, qui comporte en 
outre une etape de prvotement de la tranche ou de 
I'organe de polissage par rapport a I'organe de 
polissage ou a la tranche respedivement jusqu'a ce 
que la surface de la tranche et I'organe de polis- 
sage soient pratiquement paralleled 

Machine de polissage de tranche (10, 10a, 10b) 
destined a la mise en oeuvre du proced6 selon la 
revendication 4 destined a I'aplanissement mecani- 
que et chimique d'une surface (9) d'une tranche 
semi-conductrice (8) avec une suspension de polis- 
sage, comprenant : 

un ensemble rotatif (16, 16a, 16b) de support 
de tranche ayant un support (34) de tranche 
dont la forme permet le logement de la tranche 
(8) et le support de la tranche avec sa surface 
en saillie par rapport au support (34) de tran- 
che, et 

un ensemble de polissage lineaire (12, 12a, 
12b) ayant un organe de polissage (14, 14a, 
14b), I'organe de polissage (14. 14a, 14b)etartt 
mobile en direction lineaire par rapport a la 
tranche (8) afin qu'il applique constamment 
une force uniforme de polissage sur toute la 
surface de la tranche pendant le fonctionne- 
ment de la machine de polissage de tranche 
(10, 10a, 10b) afin que la surface de la tranche 
soit pofie uniform6merrt, 
caracteris6e en ce que I'organe de polissage 
(14, 14a, 14b) comprend une courroie metatli- 
que sans fin (18, 18a, 18b) et une couche de 
polissage montee sur la courroie, la courroie 
(18, 18a, 18b) ayant une largeur nettement 
supeneure a son epaisseur, et I'organe de 
polissage est positionne afin qu'il soit au con- 
tact de toute la surface de la tranche (8), et en 
ce qu*un disposhrf est destine a transmettre 
une suspension de polissage a I'organe de 
polissage (14, 14a, 14b) afin que la surface de 
la tranche soit pofie. 
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